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a local region to be repaired including the fail bit is determined. A preliminary |/ 5210
repair LR circuit for repairing the local region to be repaired is determined

a number of available GR circuits other than any replacement GR circuit configured /— S220
for replacing the preliminary repair LR circuit and a number of available LR circuits
designated for repairing the local region to be repaired are acquired

a region level of the local region to be repaired is determined according to the /— S230
number of available GR circuits other than the any replacement GR circuit and the
number of available LR circuits

it is controlled, according to the region level of the local region to be repaired, to /S S240
repair the fail bit by the any replacement GR circuit in place of the preliminary
repair LR circuit, or by the preliminary repair LR circuit
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1
METHOD AND DEVICE FOR
DETERMINING FAIL BIT REPAIR
SOLUTION, AND CHIP

CROSS-REFERENCE TO RELATED
APPLICATION

This is a continuation application of International Patent
Application No. PCT/CN2021/100418, filed on Jun. 16,
2021, which claims benefit of priority to Chinese Applica-
tion No. 202010904166.1, filed on Sep. 01, 2020 and titled
“METHOD AND DEVICE FOR DETERMINING FAIL
BIT REPAIR SOLUTION, AND CHIP”. The entire contents
of International Patent Application No. PCT/CN2021/
100418 and Chinese Application No. 202010904166.1 are
incorporated herein by reference in their entireties

TECHNICAL FIELD

The present disclosure relates to the field of integrated
circuit technology, and more particularly, to a method and
device for determining a fail bit repair solution, and a chip.

BACKGROUND

With rapid development of computer technology, an inte-
grated circuit chip plays an increasingly important role in
daily production and life. However, a failure problem pro-
duced during development, production, and use of a chip is
inevitable. Generally, a fail bit in a chip may be repaired
using a redundancy circuit.

A Repair Algorithm (RA) is a method that can effectively
assign different types of redundancy circuits to repair a line
where the fail bit is located.

However, with an existing RA, after repair has been
performed once, it often occurs that Local Redundancy (LR)
circuits are scarce or lacking, such that a next repair cannot
be performed, thereby rendering the chip useless.

SUMMARY

According to one aspect of the present disclosure, a
method for determining a fail bit repair solution is provided.
The method is applied to a chip including a plurality of local
regions. The chip further includes Global Redundancy (GR)
circuits and Local Redundancy (LLR) circuits. The GR cir-
cuits are configured to repair a fail bit in any of the local
regions. The LR circuits are configured to repair the fail bit
in a designated local region. The method includes:

determining a local region to be repaired including the fail
bit, and determining a preliminary repair LR circuit for
repairing the local region to be repaired;

acquiring a number of available GR circuits other than
any replacement GR circuit configured for replacing the
preliminary repair LR circuit and a number of available LR
circuits designated for repairing the local region to be
repaired;

determining, according to the number of available GR
circuits other than the any replacement GR circuit and the
number of available LR circuits, a region level of the local
region to be repaired; and

according to the region level of the local region to be
repaired, controlling repair of the fail bit by the any replace-
ment GR circuit in place of the preliminary repair LR circuit,
or controlling repair of the fail bit by the preliminary repair
LR circuit.
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According to one aspect of the present disclosure, a
device for determining a fail bit repair solution is provided.
The device is applied to a chip including a plurality of local
regions. The chip further includes Global Redundancy (GR)
circuits and Local Redundancy (LLR) circuits. The GR cir-
cuits are configured to repair a fail bit in any of the local
regions. The LR circuits are configured to repair the fail bit
in a designated local region of the local regions. The device
includes a region determining module, a number acquiring
module, a region level determining module, and a repair
solution determining module.

The region determining module is configured to deter-
mine a local region to be repaired including the fail bit, and
determine a preliminary repair LR circuit for repairing the
local region to be repaired.

The number acquiring module is configured to acquire a
number of available GR circuits other than any replacement
GR circuit configured for replacing the preliminary repair
LR circuit and a number of available LR circuits designated
for repairing the local region to be repaired.

The region level determining module is configured to
determine, according to the number of available GR circuits
other than the any replacement GR circuit and the number of
available LR circuits, a region level of the local region to be
repaired.

The repair solution determining module is configured to,
according to the region level of the local region to be
repaired, control repair of the fail bit by the any replacement
GR circuit in place of the preliminary repair LR circuit, or
control repair of the fail bit by the preliminary repair LR
circuit.

According to one aspect of the present disclosure, a chip
is provided. The chip includes a normal unit region and a
redundancy unit region.

The normal unit region includes a plurality of local
regions.

The redundancy unit region includes Global Redundancy
(GR) circuits and Local Redundancy (LR) circuits. The GR
circuits and the LR circuits are constructed to repair a fail bit
in the local regions based on any aforementioned method for
determining a fail bit repair solution.

It should be understood that the general description above
and the elaboration below are illustrative and explanatory
only, and do not limit the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings, which are incorporated in and constitute a
part of this specification, illustrate embodiments consistent
with the present disclosure and, together with the descrip-
tion, serve to explain the principles of the present disclosure.
It is clear that the drawings described below refer merely to
some embodiments of the present disclosure. A person
having ordinary skill in the art may acquire other drawings
according to the drawings here without creative effort.

FIG. 1 is a diagram of a structure of a chip according to
illustrative implementation of the present disclosure.

FIG. 2 is a flowchart of a method for determining a fail bit
repair solution according to illustrative implementation of
the present disclosure.

FIG. 3 is a diagram of distribution of region levels of local
regions to be repaired according to illustrative implementa-
tion of the present disclosure.

FIG. 4 is a diagram of coordinates of a fuzzy inference
function according to illustrative implementation of the
present disclosure.
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FIG. 5 is a flowchart of acquiring an LR priority replace-
ment list according to illustrative implementation of the
present disclosure. and

FIG. 6 is a block diagram of a device for determining a
fail bit repair solution according to illustrative implementa-
tion of the present disclosure.

DETAILED DESCRIPTION

Tlustrative embodiments will be described more compre-
hensively with reference to the drawings. However, the
illustrative embodiments can be implemented in many
forms, and should not be construed as being limited to
examples illustrated here. Instead, by providing these
embodiments, the present disclosure may become more
comprehensive and complete, and concept of the illustrative
embodiments may be delivered comprehensively to a skilled
person in the art. Same reference signs in the drawings
represent the same or similar structures, so that description
of them will not be repeated.

Although relative terms, such as “upper” and “lower”, are
used in the specification to describe the relation between one
component and another illustrated, these terms are used in
the specification merely for convenience, such as according
to the direction of the example in the drawings. It may be
understood that if the illustrated device is flipped to make it
upside down, then the described “upper” component will
become a “lower” component. Other relative terms, such as
“high”, “low”, “top”, “bottom”, “left”, and “right”, also have
similar meanings. When a certain structure is “on” another
structure, it may mean that the certain structure is integrally
formed on the other structure, or the certain structure is
“directly” arranged on the other structure, or the certain
structure is “indirectly” arranged on the other structure
through yet another structure.

Terms “one”, “a”, and “the” are used to indicate that there
is one or more elements/component distinctions/etc. Terms
“include/comprise” and “have/has” are used to indicate open
inclusion, and refer to that there may also be other elements/
component distinctions/etc., in addition to the listed ele-
ments/component distinctions/etc.

A chip may generally contain a plurality of bits. For
example, a typical dynamic random access memory chip has
up to 64 million bits. These bits may be arranged in rows and
columns, forming a primary array, which facilitates address-
ing through word lines and bit lines.

In manufacturing a typical dynamic random access
memory chip, a million or millions of bits in the primary
array may be flawed, i.e., so called fail bits. In order to
improve chip yield, redundant bits are generally made on a
chip. These redundant bits may replace flawed fail bits,
thereby bypassing these flawed fail bits and allowing a
memory circuit to be used normally.

Generally, when fail bits are produced during chip devel-
opment, production, and use, the fail bits in a chip may be
subjected to repair processing through redundancy circuits.
In view that with an existing RA, after repair has been
performed once, it often occurs that Local Redundancy (LR)
circuits are scarce or lacking, such that a next repair cannot
be performed, even rendering the chip useless, in the present
illustrative implementation, a method for determining a fail
bit repair solution is provided.

Referring to FIG. 1, a diagram of a structure of a chip
according to illustrative implementation of the present dis-
closure is shown. As a chip 100 includes a large number of
bits, in order to improve repair efficiency, a primary array,
namely, a normal unit region 110, of the chip may be divided
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into a plurality of local regions 111. Each local region 111
may include a certain number of bits. Meanwhile, in addi-
tion to the normal unit region 110, a redundancy unit region
120 including redundant bits is also arranged on the chip
100. The redundancy unit region 120 includes Global
Redundancy (GR) circuits 121 and Local Redundancy (LR)
circuits 122. The GR circuit 121 may be configured to repair
a fail bit in any of the local regions 111. The LR circuit 122
may be configured to repair a fail bit in a designated local
region 111. For example, as shown in FIG. 1, an LR circuit
122' can just repair a fail bit in a local region 111'.

Optionally, as shown in FIG. 1, a GR circuit 121 is a
column redundancy circuit and may be configured to replace
a word line, so as to repair a fail bit on the word line. One
GR circuit 121 may simultaneously repair a plurality of fail
bits on one word line. A LR circuit 122 may be a row
redundancy circuit, and may be configured to replace a bit
line, so as to repair a fail bit on the bit line. In addition, one
LR circuit 122 may simultaneously repair a plurality of fail
bits on one bit line.

FIG. 2 is a flowchart of a method for determining a fail bit
repair solution according to illustrative implementation of
the present disclosure. Referring to FIG. 2, the method for
determining a fail bit repair solution may include a step as
follows.

In S210, a local region to be repaired including the fail bit
is determined. A preliminary repair LR circuit for repairing
the local region to be repaired is determined.

In 8220, a number of available GR circuits other than any
replacement GR circuit configured for replacing the prelimi-
nary repair LR circuit and a number of available LR circuits
designated for repairing the local region to be repaired are
acquired.

In S230, a region level of the local region to be repaired
is determined according to the number of available GR
circuits other than the any replacement GR circuit and the
number of available LR circuits.

In S240, it is controlled, according to the region level of
the local region to be repaired, to repair the fail bit by the any
replacement GR circuit in place of the preliminary repair LR
circuit, or by the preliminary repair LR circuit.

According to the method for determining a fail bit repair
solution in the present illustrative embodiment, in one
aspect, the number of GR circuits remaining available other
than the any GR circuit that may later serve as replacement
may be estimated preliminarily in advance by acquiring the
number of available GR circuits other than the any replace-
ment GR circuit, so as to ensure that after repair has been
performed once, the number of GR circuits remaining avail-
able are sufficient to provide for a next fail bit repair, to
improve chip process yield. In another aspect, region level
division is performed on the local region to be repaired, and
it may be controlled, according to the region level, to repair
the fail bit by a GR circuit in place of an LR circuit, avoiding
a state caused by repairing fail bits completely using LR
circuits, where after repair has been performed once, the
number of available LR circuits for most local regions are
scarce or lacking, achieving a balance in fail bit repair,
ensuring that there is an LR circuit available for each local
region in the next repair, improving repair yield. In yet
another aspect, after repair has been performed once with the
fail bit repair solution, both the number of GR circuits
remaining available and the number of available LR circuits
remaining may allow a next repair, thereby improving the
probability that the fail bits may be repaired completely, and
reduces reducing the probability that the next repair cannot
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be performed, thereby effectively improving chip process
yield, reducing the chance of a chip turning useless.

The method for determining a fail bit repair solution in the
present illustrative embodiment will be elaborated below.

In S210, a local region to be repaired including the fail bit
is determined. A preliminary repair LR circuit for repairing
the local region to be repaired is determined.

In some illustrative implementations of the present dis-
closure, the local region to be repaired may be a local region
111 including a fail bit in the normal unit region 110. A local
region to be repaired may include a plurality of fail bits, and
the plurality of fail bits may be located on the same bit line,
or may be located on different bit lines.

For one local region to be repaired, a preliminary repair
LR circuit, for repairing a bit line including a fail bit in the
local region to be repaired, may be determined. When a
plurality of LR circuits are designated for repairing the local
region to be repaired, the preliminary repair LR circuit may
be any one of the plurality of LR circuits.

In some illustrative implementations of the present dis-
closure, it may require just one LR circuit for repairing a
plurality of fail bits located on the same bit line. It may
require a plurality of LR circuits for repairing a plurality of
fail bits located on different bit lines. However, each LR
circuit implements replacement in the same mode. With the
present illustrative implementation, one LR circuit is taken
as an example to determine a fail bit repair solution, and
implementation for the other cases is similar.

It is to be noted that it does not mean that the fail bit will
ultimately be repaired using the preliminary repair LR
circuit determined here. The fail bit may be repaired using
a GR circuit in place of the preliminary repair LR circuit.

In 8220, a number of available GR circuits other than any
replacement GR circuit configured for replacing the prelimi-
nary repair LR circuit and a number of available LR circuits
designated for repairing the local region to be repaired are
acquired.

In some illustrative implementations of the present dis-
closure, rather than repairing fail bits using just the LR
circuits, both the number of available GR circuits and the
number of available LR circuits will be considered, thereby
determining a new repair solution, such that a balance
between the amount of GR circuits used and the amount of
LR circuits used is achieved, avoiding excessive use of
either one of the GR circuits or the LR circuits, providing an
amount of circuits sufficient to support a next fail bit repair,
thereby improving chip process yield, reducing the chance
of a chip turning useless.

Here, rather than acquiring the number of any available
GR circuit, the number of available GR circuits other than
the any replacement GR circuit configured for replacing the
preliminary repair LR circuit is acquired, avoiding a failure
in a next chip repair due to that no GR circuit is left as all
GR circuits have been used up for fail bit repair. In addition,
in another case, if there are a lot of fail bits and the fail bits
are located on the same bit line, and the GR circuits are
column redundancy circuits, i.e., one GR circuit can repair
but one fail bit on one bit line, so that there may not be
enough GR circuits if repair is implemented using GR
circuits. For example, there are 100 fail bits on one bit line,
while there are just 64 GR circuits. Then, if repair is
implemented using GR circuits in place of LR circuits, not
all fail bits can be repaired, thereby rendering the entire chip
useless. Therefore, with the illustrative implementation, the
number of available GR circuits other than the any replace-
ment GR circuit (i.e., the number of GR circuits remaining
available after the any replacement GR circuit has been used
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to repair the any fail bit in place of the LR circuits) is
acquired as a parameter for evaluating the local region to be
repaired, improving the effectiveness of the repair solution.

Specifically, the number of available GR circuits other
than the any replacement GR circuit is a difference between
a number of available GR circuits and a number of fail bits
repairable by the preliminary repair LR circuit. The LR
circuits are row redundancy circuits and the GR circuits are
column redundancy circuits. Therefore, the number of fail
bits repairable by the preliminary repair LR circuit is the
number of GR circuits required for repair in place of the
preliminary repair LR circuit. The number of GR circuits
remaining available, supposing that repair has been imple-
mented using the any replacement GR circuit in place of the
preliminary repair LR circuit, is the number acquired by
subtracting the number of GR circuits required from the
number of available GR circuits.

With the method for determining a fail bit repair solution
in the present illustrative embodiment, a number of available
GR circuits other than any replacement GR circuit config-
ured for replacing the preliminary repair LR circuit is
evaluated. Repair is not implemented using GR circuits in
replace of the preliminary repair LR circuit, unless there is
a redundant number of GR circuits remaining available,
supposing that repair has been implemented using the any
replacement GR circuit in place of the preliminary repair LR
circuit. This ensures that there are GR circuits available for
a next fail bit repair, ensuring effective implementation of
the next repair, improving chip process yield.

In S230, a region level of the local region to be repaired
is determined according to the number of available GR
circuits other than any replacement GR circuit configured
for replacing the preliminary repair LR circuit and the
number of available LR circuits.

In some illustrative implementations of the present dis-
closure, region level division is performed on the local
region to be repaired according to the number of available
GR circuits other than any replacement GR circuit config-
ured for replacing the preliminary repair LR circuit and the
number of available LR circuits, so that a repair solution
may be determined according to the actual case of each local
region to be repaired. That is, a repair solution is determined
according to the number of available GR circuits other than
the any replacement GR circuit and the number of available
LR circuits, so that the repair is more reasonable, improving
the probability that all fail bits on the chip be repaired.

In S240, it is controlled, according to the region level of
the local region to be repaired, to repair the fail bit by the any
replacement GR circuit in place of the preliminary repair LR
circuit, or by the preliminary repair LR circuit.

It may be known from the above that different repair
solutions may be determined depending on the region level
of'the local region to be repaired, i.e., the repair solution may
be determined according to the actual case of the local
region to be repaired. For example, the repair solution is
determined according to the number of available GR cir-
cuits, the number of fail bits, and the number of LR circuits,
which improves the probability that all fail bits be repaired.

In some illustrative implementations of the present dis-
closure, the region level includes a free region and a
restricted region. A free region refers to a region in which a
fail bit may be repaired using the any replacement GR circuit
in place of the preliminary repair LR circuit. When the
region level of the local region to be repaired is the free
region, it may be controlled to repair the fail bit by the any
replacement GR circuit in place of the preliminary repair LR
circuit. That is, a better effect may be achieved by perform-
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ing fail bit repair on a local region determined as the free
region using GR circuits than using LR circuits. For
example, it ensures that there are sufficient LR circuits
available for the next repair when there are a sufficient
number of GR circuits available.

A restricted region refers to a region in which a fail bit
may be repaired directly using the preliminary repair LR
circuit. When the region level of the local region to be
repaired is the restricted region, it may be controlled to
repair the fail bit by the preliminary repair LR circuit. That
is, a fail bit in a local region determined as the restricted
region is repaired using an LR circuit. The repair solution for
this region is restricted and cannot be replaced. There are a
sufficient number of LR circuits designated for repairing this
local region, or for this local region, fail bit repair may be
implemented using less LR circuits than GR circuits, which
reduces the cost of repair, and ensures that sufficient GR
circuits may be provided for next repair.

In some illustrative implementations of the present dis-
closure, the region level of the local region to be repaired is
determined via a decision support function according to the
number of available GR circuits other than the any replace-
ment GR circuit and the number of available LR circuits.

Optionally, the decision support function f,gs(g,l) is as
shown in the formula (1).

restricted tegion, (g=g”) or (gf <g<g”, 1=/ or (" <g=gM M <i< /)

Joss(g: ) = free

disputed region,

The g represents a number of available GR circuits other
than the any replacement GR circuit configured for replacing
the preliminary repair LR circuit (available GR for short).
The 1 represents the number of available LR circuits (avail-
able LR for short). The g“ represents a low number of
available GRs. The g™ represents an ideal number of avail-
able GRs. The g” represents a high number of available
GRs. The 1 represents a low number of available LRs.
The 1™ represents an ideal number of available LRs. The 1”7
represents a high number of available LRs.

In actual application, the g=, g¥, g, 1%, 1™ and 17 are all
reference values, specific values of which may be set accord-
ing to an actual case. For example, the low number of
available GRs may be half the available GRs, the high
number of available GRs may be %4 the available GRs. The
ideal number of available GRs may be the mean value of the
low number of available GRs and the high number of
available GRs. Similarly, the low number of available LRs
may be half the available LRs, the high number of available
LRs may be %5 the available LRs, and the ideal number of
available LRs may be the mean value of the low number of
available LRs and the high number of available LRs. Spe-
cific sizes of the reference values are not limited in the
present illustrative embodiment.

In some illustrative implementations of the present dis-
closure, as shown in FIG. 3, the region level of the local
region to be repaired, determined via by the decision support
function f,¢(g,1) includes a restricted region, a free region,
and a disputed region. When it is determined that the region
level of the local region to be repaired is the disputed region,
the disputed region may further be determined to be the free
region or the restricted region via a fuzzy inference function.

In some illustrative implementations of the present dis-
closure, the fuzzy inference function may be determined
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according to a restricted region fuzzy set and a free region
fuzzy set. When the free region fuzzy set is less than the
restricted region fuzzy set, the disputed region determined
by the fuzzy inference function may be the restricted region.
When the free region fuzzy set is greater than or equal to the
restricted region fuzzy set, the disputed region determined
by the fuzzy inference function may be the free region.

Specifically, the fuzzy inference function fez(g,1) may be
expressed by formula (2) as follows.

testricted region, | Je@) < £, D, @

(g, D=
Jr (@D { (Sl =£0.

free region,

The fg(g) is the free region fuzzy set. The f, (1) is the
restricted region fuzzy set.

In some illustrative implementations of the present dis-
closure, the free region fuzzy set fs(g) is determined by a
range ratio of the number of available GR circuits other than
the any replacement GR circuit to a total number of GR
circuits (GR range ratio for short). The restricted region
fuzzy set f;(1) is determined by a range ratio of the number
of available LR circuits to a total number of LR circuits (LR
range ratio for short).

@®

region, (g=g") or (g <g<g” i< or (g <g=g", I* <i1<i¥)
(gh<g<g, E<i<M)or (g <g<gl, M<i<H)

FIG. 4 is a diagram of coordinates of a fuzzy inference
function. When the free region fuzzy set fa(g) is less than

> the restricted region fuzzy set fy(1), that is, when the GR
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range ratio is less than the LR range ratio, the disputed
region is the restricted region. When the free region fuzzy set
fe(g) is greater than or equal to the restricted region fuzzy
set fz(1), that is, when the GR range ratio is greater than or
equal to the LR range ratio, the disputed region is the free
region.

Specifically, the free region fuzzy set fs(g) may be
expressed by formula (3) as follows.

(g-gM)e" - (f <g <g¥) 3

f@(g):{(g—gM)(gH—gM)l, (g < g <g”)

0, (otherwise)

The restricted region fuzzy set f;(1) may be expressed by
formula (4) as follows.

1= (=)™ =) (F <1< ™) “@

G {1 = (=T =T (P <07

0, (otherwise)

A range ratio is the distance between a number x and a
nearest lower bound nearest to the x, divided by the distance
between a nearest upper bound nearest to the x and the
nearest lower bound. Taking the number of available LRs 1
as an example, when 1£<1 <1™, the nearest lower bound of 1
the is 1%, and the nearest lower bound and the nearest upper
bound of the 1 are and 1~ 1™, respectively. Then, the range
ratio is (I-15)M-15)7".
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With the method for determining a fail bit repair solution
in the present illustrative embodiment, after a free region
and a restricted region have been determined via a decision
support function, a disputed region is further determined via
a fuzzy inference function to determine whether the disputed
region is the free region or the restricted region so as to
determine the region level of the local region to be repaired,
which improves the precision in region level division,
thereby ensuring the effectiveness of the whole fail bit repair
solution, providing a new solution for determining fail bit
repair, further improving the effectiveness of the fail bit
repair, avoiding the case that the quantities of the GR circuits
and the LR circuits are insufficient, providing the basis for
the next repair.

Refer to FIG. 5. FIG. 5 is a flowchart of acquiring an LR
priority replacement list according to illustrative implemen-
tation of the present disclosure. The LR priority replacement
list refers to the priority replacement list of LR circuits that
may be replaced by GR circuits in repair.

In S510, an initialization processing operation may be
performed first to initialize the i of the ith local region to be
observed as i=0 , and the j of the jth assigned LR circuit to
be observed in the ith local region as j=0. Meanwhile, an
empty vector V may be provided. After the initialization has
completed, S520 is executed to determine whether the ith
local region exists, using a determination condition 1 of
whether the i<the total quantity of local regions. If the
determination condition 1 is met, S530 is executed to
determine whether the jth assigned LR circuit actually
exists, using a determination condition 2 of whether the jth
LR circuit belongs to the set of assigned LR circuits. If the
determination condition 2 is met, S540 is executed to
determine whether the ith local region is the restricted
region, using a determination condition 3 of whether the
result of the decision support function is the restricted
region. If the determination condition 3 is met, S550 is
executed to embed v,=0 into the vector V. If the determi-
nation condition 3 is not met, S560 is executed to embed the
v .j:nijLzR/nijF 7 the vector V. The nijLzR is the number of GR
circuits required to replace the assigned LR circuits. The
nl.jF % is the number of fail bits repairable by the jth LR in the
ith local region. After S550 or S560 has been completed, the
j is increased by 1, and S520 is performed to enter the next
determination cycle. If the determination condition 2 is not
met, j=0 is set, the i is increased by 1, and S520 is performed
to enter the next determination cycle. If the determination
condition 1 is not met, the maximum value v"** in the vector
V is determined. Through the cyclic determination, a vector
of maximum value v"*%, i.e., the LR priority replacement
list, may be acquired in the end. The jth LR circuit in the ith
local region designated by the v*** may be replaced with GR
circuit according to the priority replacement list.

It is noted that preliminary assignment of the LR circuits
may be performed according to a Repair Algorithm RA.

To sum up, a local region to be repaired including the fail
bit is determined. It is determined, according to a decision
support function, whether the local region to be repaired is
a free region that may be repaired by a GR circuit in place
of an LR circuit, or the local region to be repaired is a
restricted region that can be repaired using just an LR
circuit. If the local region to be repaired is a disputed region,
then it is further determined, using a fuzzy inference func-
tion, whether the disputed region is the free region or the
restricted region, which provides reliable basis for deter-
mining a fail bit repair solution, improving the effectiveness
of the repair. In this way, after repair is performed once with
the fail bit repair solution, both the number of available GR
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circuits remaining and the number of available LR circuits
remaining may meet the next repair, which improves the
probability of all fail bits being repaired, reducing the
probability that the next repair cannot be performed, thereby
effectively improving chip process yield, reducing the
chance of a chip turning useless.

It is noted that although in the drawings, steps of the
method of the present disclosure are described in a specific
order, it is not required or suggested that the steps must be
executed in the specific order, or that all the steps shown
must be executed to achieve the desired result. Additionally
or alternatively, some steps may be omitted, multiple steps
may be combined into one step for execution, and/or one
step may be decomposed into multiple steps for execution,
etc.

In addition, in the present illustrative embodiment, a
device for determining a fail bit repair solution is further
provided. The device is applied to a chip including a
plurality of local regions. The chip further includes Global
Redundancy (GR) circuits and Local Redundancy (LR)
circuits. The GR circuits are configured to repair a fail bit in
any of the local regions. The LR circuits are configured to
repair the fail bit in a designated local region. Referring to
FIG. 6, the device 600 for determining a fail bit repair
solution may include a region determining module 610, a
number acquiring module 620, a region level determining
module 630, and a repair solution determining module 640.

The region determining module 610 is configured to
determine a local region to be repaired including the fail bit,
and determine a preliminary repair LR circuit for repairing
the local region to be repaired.

The number acquiring module 620 is configured to
acquire a number of available GR circuits other than any
replacement GR circuit configured for replacing the prelimi-
nary repair LR circuit and a number of available LR circuits
designated for repairing the local region to be repaired.

The region level determining module 630 is configured to
determine, according to the number of available GR circuits
other than the any replacement GR circuit and the number of
available LR circuits, a region level of the local region to be
repaired.

The repair solution determining module 640 is configured
to, according to the region level of the local region to be
repaired, control repair of the fail bit by the any replacement
GR circuit in place of the preliminary repair LR circuit, or
control repair of the fail bit by the preliminary repair LR
circuit.

Specific details of virtual modules of an aforementioned
device for determining a fail bit repair solution have been
elaborated in a method for determining a fail bit repair
solution corresponding to the device, and will not be elabo-
rated here.

It should be noted that although a number of modules or
units of the device for determining a fail bit repair solution
are mentioned in the above detailed description, such a
division is not mandatory. As a matter of fact, according to
implementation of the present disclosure, features and func-
tions of two or more modules or units described above may
be concretized in one module or unit. On the contrary, the
feature and function of one module or unit described above
may further be divided to be concretized by multiple mod-
ules or units.

In the illustrative embodiments of the present disclosure,
a chip is further provided. Referring to FIG. 1, the structure
of the chip 100 is shown. The chip 100 includes: a normal
unit region 110, including a plurality of local regions 111;
and a redundancy unit region 120, including GR circuits 121
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and LR circuits 122. The GR circuits 121 and the LR circuits
122 are constructed to repair a fail bit in the local regions 111
based on the method for determining a fail bit repair
solution. The method for determining a fail bit repair solu-
tion has been elaborated in previously described embodi-
ments, and therefore will not be elaborated here.

In addition, the drawings are just illustrative description
of processing included in the method according to illustra-
tive embodiments of the present disclosure, and are not
intended for limitation. It is easy to understand that process-
ing shown in the drawings do not indicates or defines the
time sequence of such processing. In addition, it is also easy
to understand that such processing may be performed syn-
chronously or asynchronously such as in a plurality of
modules.

Other implementations of the present disclosure will be
apparent to a person having ordinary skill in the art that has
considered the specification and practiced the present dis-
closure. The present disclosure is intended to cover any
variation, use, or adaptation of the present disclosure fol-
lowing the general principles of the present disclosure and
including such departures from the present disclosure as
come within common knowledge or customary practice in
the art. The specification and the embodiments are intended
to be illustrative only, with a true scope and spirit of the
present disclosure being indicated by the appended claims.

It should be understood that the present disclosure is not
limited to the exact construction that has been described
above and illustrated in the drawings, and that various
modifications and changes can be made to the present
disclosure without departing from the scope of the present
disclosure. It is intended that the scope of the present
disclosure is defined only by the appended claims.

12

2. The method of claim 1, wherein the region level
comprises a free region and a restricted region,

wherein the according to the region level of the local
region to be repaired, controlling repair of the fail bit by
the any replacement GR circuit in place of the prelimi-
nary repair LR circuit, or controlling repair of the fail
bit by the preliminary repair LR circuit comprises:

in response to the region level of the local region to be
repaired being the free region, controlling repair of the
fail bit by the any replacement GR circuit in place of
the preliminary repair LR circuit; and

in response to the region level of the local region to be
repaired being the restricted region, controlling repair

15 of the fail bit by the preliminary repair LR circuit.

3. The method of claim 2, wherein the number of avail-
able GR circuits other than the any replacement GR circuit
is a difference between a number of available GR circuits
and a number of fail bits repairable by the preliminary repair

20 LR circuit.

4. The method of claim 2, wherein determining, according
to the number of available GR circuits other than the any
replacement GR circuit and the number of available LR
circuits, the region level of the local region to be repaired

= comprises:

determining the region level of the local region to be
repaired via a decision support function according to
the number of available GR circuits other than the any
replacement GR circuit and the number of available LR
circuits.

30

5. The method of claim 4, wherein the decision support
function f,g(g.1) is:

restricted tegion, (g=g”) or (gf <g<g”, 1=/ or (" <g=gM M <i< /)

Joss(g: ) = free

disputed region,

The invention claimed is:
1. A method for determining a fail bit repair solution,
applied to a chip comprising a plurality of local regions, the
chip further comprising Global Redundancy (GR) circuits
and Local Redundancy (LR) circuits, the GR circuits being
configured to repair a fail bit in any of the local regions, the
LR circuits being configured to repair the fail bit in a
designated local region of the local regions, the method
comprising:
determining a local region to be repaired comprising the
fail bit, and determining a preliminary repair LR circuit
for repairing the local region to be repaired;

acquiring a number of available GR circuits other than
any replacement GR circuit configured for replacing
the preliminary repair LR circuit and a number of
available LR circuits designated for repairing the local
region to be repaired;

determining, according to the number of available GR

circuits other than the any replacement GR circuit and
the number of available LR circuits, a region level of
the local region to be repaired; and

according to the region level of the local region to be

repaired, controlling repair of the fail bit by the any
replacement GR circuit in place of the preliminary
repair LR circuit, or controlling repair of the fail bit by
the preliminary repair LR circuit.

region, (g=g") or (g <g<g” i< or (g <g=g, IF <i1<i¥)
(gh<g<g",E<i<M)or (M <g<gl, M<i<H)

40

wherein the g represents a number of available GR
circuits other than the any replacement GR circuit, the
1 represents the number of available LR circuits, the g~
represents a low number of available GRs, the g
represents an ideal number of available GRs, the g
represents a high number of available GRs, the 1”
represents a low number of available LRs, the 1"
represents an ideal number of available LRs, and the 1%
represents a high number of available LRs.

6. The method of claim 5, wherein the region level of the
local region to be repaired determined via the decision
support function further comprises the disputed region,

wherein in response to the region level of the local region

to be repaired being the disputed region, the disputed
region is determined to be the free region or the
restricted region via a fuzzy inference function.

7. The method of claim 6, wherein the fuzzy inference
function is determined according to a restricted region fuzzy
set and a free region fuzzy set,

wherein in response to the free region fuzzy set being less

than the restricted region fuzzy set, the disputed region
determined by the fuzzy inference function is the
restricted region,

wherein in response to the free region fuzzy set being

greater than or equal to the restricted region fuzzy set,
the disputed region determined by the fuzzy inference
function is the free region.
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8. The method of claim 7, wherein the restricted region
fuzzy set is determined by a range ratio of the number of
available LR circuits to a total number of LR circuits.

9. The method of claim 7, wherein the free region fuzzy
set is determined by a range ratio of the number of available
GR circuits other than the any replacement GR circuit to a
total number of GR circuits.

10. The method of claim 1, wherein the GR circuits are
column redundancy circuits, and the LR circuits are row
redundancy circuits.

11. The method of claim 1, wherein in response to a
plurality of LR circuits designated for repairing the local
region to be repaired, the preliminary repair LR circuit is any
one of the plurality of LR circuits.

14
circuit is a difference between a number of available GR
circuits and a number of fail bits repairable by the prelimi-
nary repair LR circuit.

15. The device of claim 13, wherein the processor is
configured to implement determining the region level of the
local region to be repaired via a decision support function
according to the number of available GR circuits other than
the any replacement GR circuit and the number of available
LR circuits.

16. The device of claim 15, wherein the decision support
function f,g(g.1) is:

restricted tegion, (g=g”) or (gf <g<g”, 1=/ or (" <g=gM M <i< /)

Joss(g: ) = free

disputed region,

12. A device for determining a fail bit repair solution,
applied to a chip comprising a plurality of local regions, the
chip further comprising Global Redundancy (GR) circuits
and Local Redundancy (LR) circuits, the GR circuits being
configured to repair a fail bit in any of the local regions, the
LR circuits being configured to repair the fail bit in a
designated local region of the local regions, the device
comprising a processor and memory configured for storing
instructions executable by the processor, wherein the pro-
cessor is configured to execute the instructions stored in the
memory to implement:
determining a local region to be repaired comprising the
fail bit, and determining a preliminary repair LR circuit
for repairing the local region to be repaired;

acquiring a number of available GR circuits other than
any replacement GR circuit configured for replacing
the preliminary repair LR circuit and a number of
available LR circuits designated for repairing the local
region to be repaired;

determining, according to the number of available GR

circuits other than the any replacement GR circuit and
the number of available LR circuits, a region level of
the local region to be repaired; and

according to the region level of the local region to be

repaired, controlling repair of the fail bit by the any
replacement GR circuit in place of the preliminary
repair LR circuit, or controlling repair of the fail bit by
the preliminary repair LR circuit.

13. The device of claim 12, wherein the region level
comprises a free region and a restricted region,

wherein the processor is configured to implement, accord-

ing to the region level of the local region to be repaired,
controlling repair of the fail bit by the any replacement
GR circuit in place of the preliminary repair LR circuit,
or controlling repair of the fail bit by the preliminary
repair LR circuit, by:

in response to the region level of the local region to be

repaired being the free region, controlling repair of the
fail bit by the any replacement GR circuit in place of
the preliminary repair LR circuit; and

in response to the region level of the local region to be

repaired being the restricted region, controlling repair
of the fail bit by the preliminary repair LR circuit.

14. The device of claim 13, wherein the number of
available GR circuits other than the any replacement GR
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region, (g=g") or (g <g<g” i< or (g <g=g, IF <i1<i¥)
(gh<g<g",E<i<M)or (M <g<gl, M<i<H)

wherein the g represents a number of available GR
circuits other than the any replacement GR circuit, the
1 represents the number of available LR circuits, the g”
represents a low number of available GRs, the g™
represents an ideal number of available GRs, the g
represents a high number of available GRs, the 1”
represents a low number of available LRs, the 1"
represents an ideal number of available LRs, and the 17
represents a high number of available LRs.

17. The device of claim 16, wherein the region level of the
local region to be repaired determined via the decision
support function further comprises the disputed region,

wherein in response to the region level of the local region

to be repaired being the disputed region, the disputed
region is determined to be the free region or the
restricted region via a fuzzy inference function.

18. The device of claim 12, wherein the GR circuits are
column redundancy circuits, and the LR circuits are row
redundancy circuits.

19. The device of claim 12, wherein in response to a
plurality of LR circuits designated for repairing the local
region to be repaired, the preliminary repair LR circuit is any
one of the plurality of LR circuits.

20. A chip, comprising:

a normal unit region, comprising a plurality of local

regions; and
a redundancy unit region, comprising Global Redundancy
(GR) circuits and Local Redundancy (LLR) circuits, the
GR circuits being configured to repair a fail bit in any
of the local regions, the LR circuits being configured to
repair the fail bit in a designated local region of the
local regions, wherein the GR circuits and the LR
circuits are constructed to repair a fail bit in the local
regions by:
determining a local region to be repaired comprising the
fail bit, and determining a preliminary repair LR circuit
for repairing the local region to be repaired;

acquiring a number of available GR circuits other than
any replacement GR circuit configured for replacing
the preliminary repair LR circuit and a number of
available LR circuits designated for repairing the local
region to be repaired;

determining, according to the number of available GR

circuits other than the any replacement GR circuit and
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the number of available LR circuits, a region level of
the local region to be repaired; and

according to the region level of the local region to be
repaired, controlling repair of the fail bit by the any
replacement GR circuit in place of the preliminary 5
repair LR circuit, or controlling repair of the fail bit by
the preliminary repair LR circuit.
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